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1  Introduction 

In  a  previous  technical  notc,^  a  system  of  intermittent  boom  riding 
midUcourso  guidance  was  ouggosted  for  a  long  range  ground  to  air  weapon. 

This  noto  io  intended  to  provide  an  interim  report  on  the  development  of 
this  system  at  tho  R.A.E. ,  and  to  outline  tho  so  ope  of  the  investigation 
at  preaont  projeotod.  Further  ccmnento  arc  Included  on  tho  oountermoasuro 
problem  and  tho  linos  of  future  developments, 

1.1  Outline  of  System 

Tho  system  io  based  upon  the  use  of  a  rotating  radio  beacon  which 
specifies  a  bearing  along  which  tho  missile  or  missiles  must  fly.  This 
direction  is  called  tho  datum  lino,  Tho  missile  climbs  to  a  certain  height, 
after  launch, .according  to  a  pre-arranged  progranne  and  equalises  its 
height  with  that  of  tho  target  on  receipt  of  furthor  information, 

Tho  datum  line  may  continuously  track  the  targot  in  azimuth  or  may, 
initially,  be  directed  at  some  future  target  position,  A  singio  beacon 
oan  be  rnado  capable  of  specifying  250  datum  linos,  at  least,  corresponding 
to  250  targets  at  a  density  of  about  100  datum  lines  per  degreo. 

In  addition  to  specifying  tho  lino  along  Which  the  missile  must  fly, 
Information  io  also  transmitted  by  tho  beacon  which  is  used  to  align  tho 
homing  head  in  tho  direction  of  the  targot, 

Tho  beacon  consists  of  two  transmitters  with  separate  aerial  systems, 
Tho  first  transmitter  operates  on  X  band  and  radiates  a  series  of  pulses 
at  about  3200  p.p.s.  from  on  aerial  which  has  a  polar  diagram  which  is 
narrow  in  azimuth  and  roughly  oosco^  in  elevation.  The  aerial  rotates  at 
tho  rate  of  one  revolution  in  two  seconds.  The  second  transmitter  operates 
or*  3  bond  and  transmits  a  short  block  of  coded  pulses  whenever  the  X  band 
transmitter  aerial  is  pointing  at  a  targot,  Tho  coincident  reception,  by 
tho  missilo,  of  tho  X  band  and  S  band  signals,  indicates  that  tho  missile 
is  situated  on  tho  sight  line  bo aeon  to  target.  Displacement  in  timo  of 
the  S  band  aignal  with  respeot  to  tho  centre  of  tho  X  band  signal  indicates 
to  the  missile  its  angular  displacement  from  the  datun  line  as  coon  from 
the  beacon. 

The  block  of  S  band  coded  pulses  consists  of  3  microsecond  pulses 
im  .  5  half  microsecond  pulses.  The  one  microsecond  pulses  carry  the  address 
code,  which  enables  all  the  missiles  destined  for  one  target  to  colcct  tho 
transmission  relating  to  their  own  group,  Tho  half  microsecond  pulses  cany 
information  on  targot  height  and  on  the  angular  position  of  the  datum  lino 
in  relation  to  its  previous  position,  Pulso  position  modulation  is  used. 

The  coded  pulse  block  which  relates  to  one  target  occupies  /*£)  microseconds. 

More  detailed  information  on  the  operation  of  the  system  io  contained 
in  Ref,  1,  and  further  details  of  tho  equipment  to  be  usod  in  the  experimental 
tests  are  given  later  in  this  note, 

1.2  Purpoce  of  the  experiments 

The  experiments  are  designed  to  determine  whether 

(1)  Datum  lines  can  be  specified,  radiating  from  a  beacon  to  an 

accuracy  of  one  or  two  mils. 

(2)  The  displacement  of  the  receiving  equipment  frero  the  datum 

line  can  bo  measured  accurately  for  both  small  arid  large  displacements. 
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(3)  Datum  lines  oan  be  moved  in  a  manner  similar  to  that  expected  if 

they  were  continuously  direoted  at  a  target  airoraft. 

It  is  intended  to  investigate  these  points  by  equipping  an  airoraft 
with  receiving  and  recording  apparatus  and  flying  this  aircraft  along 
approximately  radial  lines  from  the  beacon.  In  the  first  and  second  parts 
of  the  experiments  the  true  airoraft  position  will  be  reoorded  by  the  use  of 
an  air  survey  technique  while  recordings  are  made  of  the  displacements  from 
the  datum  lines  obtained  by  the  guidance  system.  If  the  results  of  this 
part  of  the  experiment  are  satisfactory,  an  attempt  will  be  made  to  fly  the 
aircraft  on  a  moving  datum  line  to  demonstrate  that  an  interoeption  course 
can  be  flown.  Illustration  of  this  will  be  provided  by  mounting  a  camera  in 
the  forward  part  of  the  airoraft,  controlled  in  azimuth  by  the  angular 
information  transmitted  by  the  beacon,  so  that  the  accuracy  of  the  alignment 
of  the  centre  of  Search  of  the  homing  eye  defined  by  the  guidance  system  may 
be  checked.  With  such  an  arrangement  the  actual  acquisition  of  the  target 
by  an  A.I.  equipment  mounted  in  the  guided  aircraft  could  easily  be 
demonstrated. 

These  trials  will  involve  fairly  detailed  checking  of  the  design  of 
the  transmitting  equipment.  This  is  thought  to  be  necessary,  particularly 
with  regard  to  the  X  band  aerial  characteristics.  The  specification  of  thi3 
aerial  is  unusual  in  that  a  high  degree  of  3ynraet.ry  is  called  for  in  the 
shape  of  the  sides  of  the  main  lobe,  and  although  the  contractor  will  no 
doubt  obtain  this  synmetry  in  the  aerial  as  measured  on  the  factory  test 
site,  the  effective  polar  diagram  may  be  slightly  modified  by  the  peculiar¬ 
ities  of  the  site  chosen  for  the  beacon. 

Apart  from  demonstrating  in  a  practical  manner,  by  the  construction  of 
a  simplified  prototype  beacon  that  a  rotating  beacon  of  this  type  is  feasible 
and  that  the  processes  of  data  handling,  code  generation  and  transmission  are 
possible,  various  propagation  effects  which  are  impossible  to  calculate 
accurately  reed  to  be  investigated.  As  well  as  the  site  effects  mentioned 
above  which  can  lead  to  inaccuracies  by  apparent  beam  distortion,  the  depth 
and  frequency  of  fading  is  important.  To  minimise  this  effect  the  transmitt¬ 
ing  aerials  have  been  specified  to  have  a  rapid  fall  off  of  signal  at 
elevations  below  1°  and  provision  is  made  for  anall  variations  to  be  made  in 
the  angle  of  elevation  of  the  X  band  aerial,  so  that  the  proportion  of  signal 
directed  at  the  ground  and  capable  of  causing  fading  by  reflection  can  be 
varied. 

In  this  connection  it  should  be  noted  that  two  sites  will  be  used  in 
the  experiments.  Most  of  the  work  will  be  carried  out  from  a  site  situated 
at  Ewrshot,  rear  Farnborough,  There  the  beacon  will  be  effective  over  a  south 
westerly  or  a  south  easterly  quadrant,  whioh  will  provide  information  on  the 
propagation  difficulties  likely  to  be  experienced  over  land.  In  the  summer 
of  1957*  the  equipment  will  be  transferred  to  a  coastal  site  on  whioh  a  long 
range  surveillance  radar  is  available,  which  can  be  adapted  to  provide  target 
bearing  information  in  the  oorreot  digital  form,  to  enable  propagation  effeots 
over  aea  to  be  investigated,  as  well  as  interoeption  oourses  to  be  flown, 

2  Equipment  for  Experimental  Programme 

A  detailed  aooount  of  the  ground  and  airborne  equipment,  whioh  is  to 
be  used  in  the  experimental  programme,  will  be  given  in  later  technioal  notes. 
An  outline  description  of  this  equipment  is  given  below. 

For  the  experimental  trials,  it  has  been  decided  that  while  the  S  band 
transmitter  should  be  capable  of  transmitting  the  oodes  for  250  targets  (a 
rrriTHmim  capacity  of  50  has  been  speoified),  the  target  simulator  to  be  used 
and  the  data  handling  channels  need  only  be  oapable  of  handling  information 
on  3  targets,  3he  reason  for  this  is  that  the  problems  involved  in  making 
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the  transmitter  handle  a  large  mil.  i  of  channels  are  relatively  small, 
v'hilo  the  quantity  of  equipment  ;.rv  Ived  in  handling  information  on  a 
largo  number  of  targets  is  gre  v .  1  ewevor,  all  the  toats  necessary  for 

examining  the  potential  acourac  ■  :i‘  the  system  can  bo  carried  out  with  a 
maximum  of  three  target  channel:'  In  operation.  On  completion  of  the 
trials,  however,  the  transmitter  will  be  capable  of  operation  with  raoro 
complicated  multi-ohannol  data  hanging  oquipmont,  if  it  is  considered 
that  the  development  should  pro: ecd  lurthor. 

Ground  radars  such  as  th i  Jd'nrc  developments  of  Orange  Yeoman  aro 
unlikoly  to  be  able  to  provide  -org  t  boaring  information  to  an  accuracy 
bettor  than  11  or  12  digits.  7-x  b.ocon,  howevor,  is  to  bo  designed  to 
produce  bearing  information  to  t  digit  accuracy  and  it  is  intended  to 
use  all  13  digits  in  obtaining  'oineidonco  with  target  bearing.  The 
target  simulator  is  designed  to  giv:  bearing  to  13  digits,  tho  first  throo 
of  which  (the  most  significant)  are  fixed.  In  operating  with  a  radar  it 
is  intended  to  describe  target  (’carlrig  to  13  digits  even  though  tho  loot 
two  digits  (tho  least  significant)  ay  have  no  significance. 

Tho  use  of  13  digits  oar.  <  ,t  t  tified  in  the  experimental  equipment 
on  tho  grounds  that*- 

(1)  The  experiment  is  der.i.gn  L  to  shew  tho  limit  of  accuracy  of 

this  method  of  guidonco.  Using  currently  available  techniques,  the 
specification  of  aerial  bearing  *<o  3  is  near  the  limit  of  tho  methods 

available, 

(2)  Tho  missile  nnvigati  uu.-.  problem  can  be  eased  by  minimiolng 
additional  errors  introduced  by  tho  mid-course  guidance  system  and  the 
specification  of  bearing  to  thin  accuracy  enables  smooth  extrapolation 
of  datum  lino  position  to  bo  ma  le  In  tween  radar  plots, 

(3)  Target  data  may  be  derived  in  some  weapon  systems  from  radars 
capable  of  providing  greater  accuracy  in  bearing  than  Orarigo  Yeeraan, 
o.g.  tracking  radars.  In  this  case  it  would  be  desirable  to  muko  tho 
errors  introduced  by  the  beacon  as  small  as  possible, 

2. 1  Shaft  Coder 

T.hio  equipment  io  being  wide  by  Messrs,  Hilger  arid  Watts.  Two 
equips/,  ts  will  bo  oonstructod,  one  for  incorporation  in  the  interim 
X  bond  'j;rial  mounting  and  one  for  the  final  X  band  aerial  mounting. 

It  is  necessary  to  maintain  a  continuous  record  of  tho  bearing  of 
tho  X  band  beacon  aerial  beam  from  a  reference  direction,  and  it  is 
desirable  that  this  record  should  be  to  an  accuracy  better  tlian  1 
practical  mlllleme.  This  bearing  must  bo  iTreoentod  in  a  binary  digital  form 
capablo  of  direct  comparison  with  tho  digital  number  for  target  bearing. 

It  io  thus  necessary  to  compare  13  digits.  This  means  that  the  angular 
rotation  of  the  aerial  between  the  digits  is  0,78  practical  mils.  Thus 
If  the  aerial  driving  shaft  rotation  is  described  to  13  digits,  the 
position  of  this  shaft  can  be  known  to  ±0.39  mils.  This  accuracy  is 
satisfactory  provided  that  there  is  a  minimum  of  flexibility  in  the  :ihu£t 
connecting  the  actual  aerial  and  the  coding  device. 

A  glass  coding  dino  io  mounted  directly  on  the  vortical  aerial 
shaft  which  rotates  in  bearing  with  a  revolution  period  of  two  seconds. 

The  glass  disc  is  inscribed  with  three  graduated  annular  tracks  and  a 
light  beam  is  focussed  on  the  disc  and  interrupted  by  the  graduations, 

A  photocell  is  mounted  below  each  track. 
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The  photocell  under  the  first  track  receives  one  pulse  of  light  every 
0«78  mils  of  rotation.  The  output  of  this  photocell,  after  suitable  shaping 
is  used  to  drive  a  scale  of  two  counter  representing  bearing  fran  some  fixed 
reference  line. 

The  reference  line  of  the  disc  is  defined  by  the  second  scale  which 
permits  only  a  single  pulse  of  light  to  pass  through  it.  This  pulse  is  used 
to  reset  the  bearing  counter  so  that,  after  each  revolution  of  the  disc,  the 
bearing  oount  will  always  be  correct  with  respect  to  the  disc  reference  line, 

A  mechanical  adjustment  is  necessary  to  allow  the  reference  direction 
of  the  disc  to  be  aligned  with  a  given  bearing, 

A  third  scale  on  the  disc  is  used  to  provide  6,100  pulses  per  rotation 
which,  after  suitable  shaping,  are  used  to  trigger  the  modulator  of  the 
X  band  transmitter.  This  ensures  that  the  X  band  transmitter  transmits  one 
pulse  for  every  practical  millieme  of  rotation  of  the  Aerials, 

2,2  Coincidence  detection  and  data  handling 

The  whole  of  this  equipment,  including  the  target  simulator,  is  being 
constructed  by  Messrs,  Ericssons,  The  equipment  compares  each  target  bearing 
with  the  beacon  bearing,  and  determines  the  change  in  the  angular  bearing  of 
the  target  from  the  bearing  in  the  previous  soan.  Each  coincidence  of  target 
and  beacon  bearing  results  in  the  generation  of  a  channel  trigger  pulse 
which  releases  data  relevant  to  the  particular  target,  to  a  digital  store 
system  so  arranged  that  the  data  is  ready  for  translation  to  the  transmitted 
code.  Target  height  is  included  and  will  be  coded  and  transmitted  in  order 
to  complete  the  transmission.  It  will  be  preset  in  the  experiment,  however, 
and  will  be  received  and  recorded  but  not  decoded.  It  is  ultimately  intended 
that  azimuth  coincidence  of  targets  will  result  in  target  data  being  trans¬ 
mitted  in  range  priority,  velocity  priority  or  a  combination  of  the  two,  but 
in  this  equipment,  the  orde  r  of  transmission  is  deoided  in  an  arbitrary 
manner. 


For  convenience,  in  the  experimental  trials  period,  a  target  simulator 
will  be  provided,  capable  of  providing  simple  tracks  on  up  to  three  targets. 

The  items  to  be  constructed  comprise 

(1)  A  comparator  and  difference  unit, 

(2)  A  store,  code  converter  and  switch  unit, 

(3)  A  target  course  simulator. 

Hie  comparator  and  difference  unit  accepts  azimuth  information  from 
the  beacon  coder  unit  and  each  target  track  of  the  target  course  simulator. 
It  provides  an  output  at  each  coincidence  of  beacon  and  target  bearing. 

This  unit  is  also  required  to  provide  at  each  coincidence  between 
beacon  anl  target  azimuth,  in  each  channel,  the  change  in  target  bearing 
since  the  last  coincidence  was  established. 

The  coincidence  pulse  obtained  from  this  unit  is  used  to  transfer  the 
difference  angle  data  to  the  output  register,  and  to  trigger  the  address 
code  generator  and  code  oonverter  at  the  correct  tiroes.  The  data  is  handled 
in  such  a  manner,  that  there  is  no  possibility  of  a  coincidence  being  missed 
or  of  a  false  coincidence  being  generated,. 
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The  code  convertor  and  1  *  .  (  :  nit  convert  a  tho  tarpot  data  frcra 
binary  form,  representing  hoi*  t ;  1  -  1  bearing  difforenoe  angle,  into  a 
form  that  may  bo  uaed  to  estat  1,  >t  1  pulse  poaition  oodc.  Throe  oeparato 
channels  aro  to  bo  providod  tc  Hi  :  r  for  throo  independent  target  tracks. 
The  output  aignolfl  from  those  tic  ;  1  oporate  channels  aro  to  bo  oanblnod 
in  timo  soquonco  on  a  common  tc:  1  (  -utput  leads, 

A  sot  of  loads  arcs  prov;  i  i ;  £  >  ■  tho  bearing  difforonoo  data  and 
anothor  aot  for  height  data.  Had  >utput  is  allocated  a  different 
quantum  lovol  in  tho  data  to  1  j  :i-j  emitted  and  tho  oorreot  load  io 
sequenced  and  pulsed.  Tho  ou(pr  :  ile  indicates  bearing  difforonoo  in 
31  quantum  lovolo  (+15  to  -15)  1  <  i1  ight  in  63  quontun  lovole,  each 
quantum  representing  a  1000  f‘  k:  \  >  zono,  A  3?.nd  quantum  lovol  in 
angle  and  a  64th  quantum  love.  L  '  ;  ght  are  available  for  transmission 
monitoring  purposes. 

The  target  simulator  tal  c  1  r  ,  place  of  the  radar  and  auto  trucking 

unit,  xjrooonting  target  boarii  r  j  t  1  to  tho  oemparator  and  hol^it  data  to 

the  code  translator.  Only  aii  [  1  I  t  ’got  courses  aro  required.  Target 
bearing  io  specified  in  binor;  Jlgl  til  form  to  13  digits,  Tho  first  3 
digits  will  bo  proset  into  th  ;irt I  itor  restricting  tho  sector  of 
operation  to  45°,  Tho  oouroo;  t  t  :  simulated  aro:- 

(1)  Constant  bearing  o  i  r  .  n  all  three  tracks, 

(2)  Courses  having  a  Ci  i.rt.  u  t  rate  of  change  of  boaring,  either 

positive  or  negative  in  sign,  1  "  n;o  of  ohango  being  controlled  by 
manual  preset  botwoon  limits  (1  ‘  1  lanta/second  for  2  tracks,  tho  third 

track  being  fixed, 

2.3  Code  Translator 

This  unit  has  been  deal  c-  l  (  t  R.A.K,  and  io  under  construction. 

It  will  oonvort  the  data  prodne  cd  l  y  the  code  convertor  of  the  Ericsson 
equipment,  in  the  form  of  pul u  c  :i  particular  leads,  to  the  correct 
pulso  position  code  for  tho  lijat;  it  tho  modulator  of  tho  3  band  trans¬ 
mitter,  It  will  also  general  th.  nldrcss  codes  allocated  to  each  ohannel. 

The  generation  of  tho  pii.cn  coles  is  controlled  by  a  2  mc/scc 
crystal  osoillator  followed  b,  •  c  ■>  to  which  admits,  to  the  translator 
circuit,  a  train  of  80  pulses  <:aa  time  a  coiricidcncc  is  established, 

3y  t:.s  use  of  a  series  of  bins’}  r;vldcro  and  a  diode  network,  keying 
pulses  are  applied  sequentially  t:  23  gate  circuits.  Two  of  those  gates 
are  opened  by  each  line  marked  ty  ‘  he  code  converter  so  that  for  tho 
address,  angle  and  height  codas  a  otxl  of  6  gates  aro  opened.  In 
addition  fixod  marker  pulsos  rrt-  s.<lmittcd  to  each  code.  The  outputs  of 
tho  gates  are  combined  in  two  groups.  The  first  five  gates,  together 
with  tho  fii3t  marker  pula®  provide  tho  first  group  of  three  pulses 
which  are  shaped  to  be  1  microsecond  long.  The  second  marker  pulco  and 
the  outputs  of  the  last  23  gates  tee  the  second  greup  of  five  pul cos 
which  arc  shaped  to  bo  micro  ti  cavi  long.  Both  groups  are  then  combined 

and  fed  to  the  modulator, 

2.4  Transmitters 


The  transmitters  arc  being  ciratructcd  by  B.T.d.  and  w ill  be 
available  in  the  suianor  of  I95O,  -.r  improved  X  band  aerial  and  truru^. 

mittor  will  be  mode  available  Hz  nenths  later. 
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The  first  or  interim  X  band  transmitter  will  use  a  modified  marine 
radar  aerial  producing  a  1,2°  beam  in  azimuth  and  horizontal  polarisation. 
This  will  enable  experiments  to  oommence  and  the  operation  of  all  other 
equipment  to  be  perfected  before  the  final  X  band  aerial  is  available.  It 
will  also  enable  a  comparison  to  be  made  of  the  effects  of  fading  with 
horizontal  and  vertical  polarisation,  which  will  be  available  on  the  final 
aerial.  The  final  X  band  transmitter  will  have  a  0,6°  beam  in  azimuth  and 
more  sophisticated  shaping  in  the  vertioal  plane.  In  particular,  it  will 
produce  a  sharp  cut  off  at  elevations  below  1°  to  minimise  the  intensity 
of  the  ray  directed  at  the  earth' s  surface  and  thus,  it  is  hoped,  the 
effects  of  fading  will  be  rednoed. 

Because  the  aerial  of  the  final  transmitter  is  more  than  twioe  the 
size  of  the  interim  aerial,  the  marine  radar  drive  would  not  be  powerful 
enough  to  rotate  it.  Two  different  mounts  are  therefore  being  built.  The 
transmitters  used  will  have  the  same  characteristics  in  each  oase:- 

Peak  power  100  Kw,  or  at  least  more  than  50  Kw. 

P.R.F.  3200  p,p.s. 

Pulse  duration  3?  microseconds. 

Aerial  rotation  30  r.p.m. 

The  modulator,  in  each  case,  will  be  driven  from  the  output  of  the 
third  track  of  the  shaft  coded  disc,  so  that  one  pulse  will  be  transmitted 
every  mil  of  aerial  rotation. 

The  aerial  structures  and  mounts  are  required  to  have  a  torsional 
stiffness  of  better  than  one  mil.  The  aerial  will  be  equipped  with  a 
telescope  mounting  for  alignment  purposes. 

It  was  originally  intended  that  tiie  S  band  transmitter  would  have  an 
azimuthal  beam  width  of  lfi°  and  would  be  rotated  in  synchronism  with  the  X  band 
aerial.  However,  it  was  found  that  to  obtain  the  desired  fall  off  of  power 
at  low  elevations  to  minimise  fading,  it  was  necessary  to  construct  an 
aerial  17  feet  high.  Although  this  aerial  oouia  have  been  rotated  at  the 
desired  rate,  it  was  decided  that  since  the  operation  of  the  system  was  not 
dependent  upon  this  feature,  it  would  be  abandoned  in  the  experimental 
equipment  and  made  semi-fixed.  The  main  advantage  of  rotating  the  S  band 
aerial  would  be  that  a  polar  diagram  narrower  in  azimuth  could  be  used,  with 
a  correspondingly  increased  field  strength  at  the  receiver,  and  consequently 
a  slightly  better  resistance  to  j aiming  signals. 

The  S  band  aerial  under  construction  is  17  ft  high  and  ins  wide 
giving  an  80°  wide  beam  with  a  shaping  in  the  vertical  plane  the  same  as  that 
for  the  final  X  band  aerial.  Polarisation  will  be  vertioal.  The  aerial  will 
be  oapable  of  rotation  by  hand  so  that  the  seotor  of  operation  can  be  o hanged 
but  normally  it  will  remain  fixed  in  one  position,  the  wide  angle  coverage 
in  azimuth  allowing  sufficient  latitude  for  the  trials. 

The  transmitter  will  be  capable  of  providing  a  signal  of  5”  10  Kw 
driven  by  a  hard  valve  modulator  and  will  be  capable  of  handling  at  least 
50  consecutive  ooded  blocks.  The  modulator  will  be  fed  frcm  the  code 
translator, 

2,5  Airborne  Equipment 

This  equipment  has  been  designed  at  R,A«E,  and  is  under  construction. 

As  far  as  possible  standard  equipment  and  techniques  have  been  used. 

The  equipment  consists  of  two  separate  receivers,  one  on  X  bond  and  one 
on  S  band.  The  outputs  of  the  two  receivers  are  combined  in  the  angle 
measuring  oirouits.  The  measuring  circuits  are  triplioated  to  allow  simul¬ 
taneous  reoeption  of  signals  relating  to  all  three  ohannels, 
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/  receiver  io  fed  fro  1  3  i::  t  homo  mounted  in  tho  tail  of  tho 
alroraft  {a.  Varsity) .  Moaouro  1  r  t<  can  only  bo  made  on  outward  radial 
courses.  Tho  polar  diagrams  o  M -<  c  aorialo  is  ouoh  that  coverage  in 
elevation  can  bo  from  0°  to  -2  )  n.  in  azimuth  to  tyfi  to  half  power 

POXIlvO#  • 


The  receivers  aro  being  1  <  3  tjnable  over  a  small  range  of 
frequency  00  that  adjustments  at  :<  mdo  to  cover  slow  drifts  in  tho 
freqponoics  of  tho  ground  trans:  itt<  rs.  No  facilities  will  bo  made  for 
A.F.O,  in  tho  experimental  equi-  nur:  but  tho  bandwidth  of  each  I.F,  will 
bo  made  approximately  10  y/>s/s  ».  :c  preserve  pulse  shape  and  to  allow  for 
some  dcgrcoo  of  frequency  drif  ,  »  long  period  A.G.C,  system  will  bo 

used  whioh  retains  tho  A.G.C,  •  1 0  dovolopod  for  2  sooonds  until  tho 
noxt  signal  has  boon  oompletol,  1  ;:i  ivod  and  a  new  A,G«C,  voltago  is 
developed. 

After  the  reception  of  t.u  il*  nolo,  a  blanking  pulse  of  1,5  seconds 
duration  is  applied  to  tho  root :  v  :r  to  prevent  tho  reception  cf  unwanted 
signals.  In  an  operational  eqicprrci  t  this  blonking  pulse  would  bo  oxtondod 
to  about  1,9  seconds  to  provide  o>tt3r  protection.  This  is  not  possible 
in  tho  oxporimontal  oquipmont  beoousj  of  tho  provision  made  for  throe 
ohannol  reooption  through  one  re: Jr,  since  tho  8  band,  transmissions 
oan  be  widely  so para tod  in  tir*  , 

Tho  1  mioresecotid  pulses  1  r  >ir  the  address  code  of  tho  received  S  band 
messago  aro  passed  to  a  delay  1  Lth  taps  every  microoooond,  Tho  taps 

on  tho  lino  are  oonnootod  to  three  " and"  gates,  corresponding  to  oaoh 
ohannol,  in  such  a  v/ay  that  thre j  tops  arc  oonnootod  to  oaoh  "and"  gate. 

The  correct  spacing  of  the  address  ole  pulses  causes  a  pulse  to  bo 
obtained  from  the  appropriate  ''an'."  gate  which  generates  tho  oorroot 
waveforms  for  tho  display  unite  1  .-1  ; riggers  tho  anglo  oountero  corres¬ 
ponding  to  that  channel. 

Initially,  it  io  not  inter.  1  <1  ;o  decode  tho  anglo  and  height  codes 
but  only  to  display  tho  received  codsn  on  a  cathode  ray  tube  and  to  record 
them  photographically.  At  a  later  stage,  decoding  equipment  for  at  loast 
tho  angle  code  for  one  channel  w i '.  1  be  introduced, 

Channel  trigged  pulses,  derived  from  the  3  bond  signal,  are  fed  from 
the  rocoiver  "and"  gates  mentioned  above  to  oaoh  anglo  counter.  Tito 
dor  adulated  X  band  pulse  train,  suitably  amplitude  limited,  is  fed  to  all 
th  angle  caintcrs  in  parallol,  through  an  p.r.f,  selector. 

For  each  channel  there  is  both  a  fine  angular  error  counter  and  a 
ooarse  angular  error  counter.  The  fine  counter  is  used  when  the  3  band 
pulse  for  that  ohannol  is  received  at  tho  same  time  as  tho  X  band  puloo 
envelop©  is  boing  received,  and  the  coarse  counter  is  used  when  the  3  band 
pulse  falls  outside  these  limits, 

2.51  Fine  angular  error  determination 

The  problem  of  finding  the  relative  position  of  the  X  band  received 
signal  to  the  S  band  signal  when  tho  angular  error  is  small  (i.o,  the 
navigation  orror)  involves  the  .addition  and  subtraction  of  received  X  band 
pulses  above  a  threshold  level  and  the  display  of  the  result  in  a  suitable 
form.  Initially,  there  is  nc  intention  of  navigating  the  aircraft  accur¬ 
ately  from  the  error  signals,  and  so  the  conversion  of  these  results  to  a 
suitable  analogue  form  does  not  arise  until  attempts  are  made  to  fly 
interooption  courses.  A  display  is  necessary  for  recording  and  as  a 
pilot  indioator.  The  display  for  recording  will  depend  upon  the  photo¬ 
graphy  of  dekatron  counters  while  the  pilot  indicator  will  consist  of 
indicator  bulbs  showing  when  tho  aircraft  is  not  within  the  limits  of  tho 
fine  angular  counter  and  the  sense  of  the  error. 
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A  cirouit  to  carry  out  this  addition  and.  subtraction  has  boon  devised 
using  a  rovorsiblo  dokatrori  oountor  consisting  of  two  nculou  of  ton. 
Provision  ia  mode  for  adding  or  subtracting  up  to  50  pulses.  This  io  to 
allow  tho  counting  systom  to  cator  for  a  polar  diagram  of  greater  width  than 
optimum  and  to  allow  for  the  inability  of  tho  A.G.C.  circuits  to  eorreot 
for  ohangoa  in  oignol  lovol  ovor  the  2  second  period.  Rapid  changoa  in 
oignal  strength  oould  result  in  tho  lovol  of  acooptarce  in  tho  X  band 
receiver  limiter  varying  fran  between  3  db  below  tho  peak  of  tho  signal  to 
about  15  db  bolow  tho  peak  and  tho  consequent  admission  to  tho  oountor 
oirouits  of  a  longer  block  of  pulses, 

2,52  Coarse  angular  error  detomlnatlon 

This  unit  moasurco  tho  time  fran  tho  reception  of  tho  S  band  pulno 
to  tho  centre  of  tho  X  band  palso  train  or  vice  versa  when  the  8  band  j/uloo 
folic  outeldo  tho  limits  of  tho  X  bond  pulse  train,  Tho  unit  moanures  tho 
value  of  this  error  up  to  1320  mils  and  displays  tho  result  as  a  oount  on 
three  dekatrons  togothor  with  a  noon  indiaotor  to  chow  tho  aonuo  of  tho 
error.  It  should  to  noted  that  since  this  angular  error  is  obtained  by 
timing  tho  reception  of  tho  two  signals  it  is  dependent  upon  tho  boaoon 
aerial  rotating  at  a  constant  rate  and  any  variation  in  rotational  rnto  in 
reflected  oo  an  error  in  this  angular  measurement,  Tho  limit  of  variation 
of  beacon  rotational  rate  is  and  an  error  of  this  magnitude  is  of  no 
consequence  in  the  coarse  angular  moacurerrent. 

This  is  net  tiuo  of  tho  fine  angular  rrnasuroinont  an  in  this  case  tho 
accuracy  is  independent  of  boaoon  rotational  speed,  provided  that  tlio 
p.r.f.,  whioh  is  controlled  by  this  rotutional  speed,  is  within  tho  limits 
of  the  receiver  p.r.f,  selector, 

3  Technique  of  experiments 

It  has  boon  estimated  that  tho  guidance  system  proposed  should  enable 
a  receiver  in  an  airoraft  to  estimate  its  position  from  a  given  transmitted 
datum  lino  to  an  accuracy  of  betv/eon  1  and  2  mils  peak  neglecting  errors  due 
to  cite  and  propagation  effects  which  are  impossible  to  forecast.  If  it  ia 
assumed  that  tho  measurement  will  bo  accurate  to  1  mil,  this  corresponds  to 
an  accuracy  of  50  ft  in  plan  position  at  10  miles  fran  tlie  beacon  to  500  ft 
at  a  range  of  100  milos.  To  examine  thoso  errors  properly,  a  method  of 
ireaour iment  of  airoraft  position  is  required  whioh  gives  an  accuracy  approx¬ 
imately  on  order  of  magnitude  better  at  the  more  important  ranges  i,e.  about 
100  ndleo  range. 


There  are  ty/o  readily  available  methods  by  which  aircraft  position  can 
bo  measured  to  an  accuracy  of  50  ft  in  plan,  Thie  first  method  involves  the 
use  of  a  tracking  auto-follow  radar  sited  at  a  surveyed  point  on  the  ground, 
100  miles  from  the  beacon.  This  method  was  discarded  as  it  suffers  from 
several  obvious  limitations 


(1)  At  the  height  at  v/hich  the  aircraft  v/ill  be  flying  i,o,  about 
10,000  ft,  currently  available  auto-follow  radars  Y/ould  only  bo  riblo  to 
provide  measurements  to  tho  required  accuracy  v/hen  tho  aircraft  v/as  v/ithir. 
about  5  miles.  To  cover  the  v/hole  of  the  radial  flight  of  the  aircraft 
many  radar  sites  y/ould  be  required, 

(2)  Tho  establishment  find  maintenance  of  any  radar  cites  for  this 
purpose  Y/ould  be  expensive  in  manpov/cr  and  equipment. 

( 3)  Presenting  tho  results  of  the  radar  tracks  in  the  desired  form 
Y/ould  be  tedious  and  difficult. 


(A)  Co-ordination  of  recording  Y/ould  bo  required  at  beacon,  aircraft 
end  radar  sites. 


-  10  - 


SECRET 


SECRET 


Technical  Note  No.  CW  39G 


(5)  The  area  of  operation  would  be  limited  by  tho  availability  of 
radar  sites.  Thio  would  mako  the  investigation  of  beacon  site  of foe to 
very  difficult. 

The  one  advantago  that  thio  method  might  )mvo  in  the  relative 
freedom  from  weather  restrictions. 

The  preferred  alternative  method  involves  the  uoo  of  air  ourvoy 
techniques. 

In  this  method  tho  airoroft  position  is  measured  by  inspection  of  a 
oorloo  of  aerial  photographs  taken  frcm  the  airoroft  of  tho  torrain  over 
v/hioh  it  is  flying.  To  obtain  tho  position  of  tho  aircraft  v/hen  the 
photograph  was  taken,  requires  tho  uso  of  a  technique  v/hioh  is  tho 
rovorso  of  that  usod  to  obtain  maps  from  aerial  photographs.  It  is 
claimed  that  in  thio  way,  tho  position  of  the  aircraft,  in  plan,  can  to 
obtained  to  on  accuraoy  of  hotter  than  50  ft  (peak  error)  without  ary 
npeoial  precautions,  ouch  as  tho  uso  of  a  stabilised  camora  mounting. 

The  limit  of  peak  error  can  be  ' "  ” * ' ^  • 

Arrangements  are  being  miado  to  fit  a  standard  air  survey  casern  in 
the  Varsity  to  bo  used  in  tho  trials  and  a  series  of  overlapping  photo¬ 
graphs  will  bo  taker,  in  flight  at  the  rato  of  1  por  mile  (for  an  aircraft 
flying  at  about  10.  000  ft) .  Provided  tho  aircraft  is  flying  ever  terrain 
with  distinctive  markings,  tho  developed  photographs  can  be  projected  by 
a  pair  of  projectors,  and  the  positions  of  tho  projectors  adjusted  uo 
that  exact  coincidence  is  obtained  on  the  portions  of  tho  pictures  which 
overlap.  If  the  projector  of  tho  first  image  is  adjusted  to  obtain  exact 
coincidence  of  tho  imago  with  on  ordnance  map  of  tho  aroa,  tho  positions 
of  the  projectors  will  boor  the  same  relationship  to  the  projected  picture, 
an  tho  aircraft  bore  to  the  ground  when  tho  picture  wan  taken.  By  measuring 
tho  plumb  point  of  tho  projector  and  referring  to  ordnnnco  maps,  the 
position  of  tho  aircraft  at  tho  instant  at  which  the  photograph  wan  taken 
can  bo  determined  accurately,  and  a  graph  can  be  drawn  depleting  tho 
deviation  of  the  aircraft  from  any  reference  line  against  tine. 

The  Varsity  will  b*>  operutod  at  its  normal  cruising  speed  of 
270  ft/acc  and  ono  photograph  will  bo  taken  every  22  seconds  i,o,  approx. 

1  por  mile.  The  reference  lines  to  be  chosen  will  bo  radial  linos  from 
the  beacon  and  the  results  after  analysis  will  depict  angular  deviation 
of  tho  ircraft,  as  seen  from  tho  beacon,  in  mils,  against  time.  This 
will  bo  compared  with  the  records  obtained  from  the  apparatus  recording 
the  outputs  of  the  guidance  equipment. 

The  "reverse"  air  survey  technique  is  completely  developed  and  a 
contract  is  boing  placed  with  the  Air  3urvcy  Co,  of  White  Waltham  to 
carry  out  the  plotting  of  aircraft  position  in  the  manner  described  and 
to  provide  various  auxiliary  services  in  connection  with  this  part  of  the 
experiment. 

The  method  has  numerous  advantages  such  .as  allowing  complete  freedom 
of  operation  of  the  aircraft  but  it  suffers  from  two  important  and  obvious 
disadvantages.  Firstly,  tho  method  is  useless  over  sea,  and  secondly, 
good  visibility  is  required  to  obtain  good  aerial  photographs. 

It  is  intended,  therefore,  that  ull  measurements  connected  with  the 
accuracy  of  navigation  will  be  conducted  with  the  aircraft  over  land, 
except  for  the  final  interception  trial.  The  visibility  restriction 
v/111  limit  experimental  work  to  days  v/hen  the  cloud  below  12,500  ft  does 
not  exceed  fath  and  the  surface  visibility  is  about  10  miles.  It  is  likely 
that  on  a  fev/  days  each  month  the  conditions  y/ill  bo  satisfactory. 
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3.1  Recording  equipment 

It  is  convenient  at  this  stage  to  summarise  the  items  whioh  will  he 
recorded  in  the  trials.  In  the  aircraft,  there  will  be  three  cameras.  These 
will  bes- 

(1)  The  air  survey  camera  recording  at  1  frame  every  22  secs. 

(a)  Ground  position. 

(b)  A  serial  number  for  this  photograph. 

This  camera  also  generates  a  pulse  which 

(a)  Moves  on  one  place,  number  oounters  in  the  other  two  aircraft 
cameras. 

(b)  Generates  a  1000  c.p.s,  tone  pulse  whioh  is  transmitted  over 
the  V.H.F. 

(2)  The  counter  recording  camera  recording  at  1  frame  every  2  seconds. 

(a)  Three  dekatrons  registering  coarse  angular  error  on  three 

channels.  Total  9  dekatrons. 

(b)  Two  dekatrons  registering  fine  angular  error  on  three 

channels.  Total  6  dekatrons. 

(b)  Two  dekatrons  operating  from  10  c.p.s.  generator  giving  the  time 
elapsed  since  the  last  air  survey  photograph  was  taken. 

Total  2  dekatrons. 

(d)  A  number  counter  showing  the  serial  number  of  the  last  air  survey 
photograph. 

(e)  Six  neons  shewing  the  sense  of  the  error  of  each  coarse  angular 
count. 

(3)  The  osoillosoope  recording  oamera  recording  on  continuously  moving 

film. 

(a)  A  trace  of  each  received  angle  and  height  code,  the  trace  for  each 
channel  occupying  a  different  lateral  position  on  the  tube  face. 

(b)  The  level  of  A.G.C.  voltage  on  the  X  ana  S  band  receivers, 
displayed  by  displacing  the  spot  on  the  oathodc  ray  tube  in  the 
intervals  between  the  display  of  (a), 

(o)  A  umber  of  counters,  illuminated  by  a  flash  tube,  showing  the 
serial  number  of  the  last  air  survey  photograph. 

On  the  ground,  recordings  are  made  on  the  beacon.  Height  and  bearing 
of  one  datum  line  are  fixed  for  each  run  and  are  set  by  keys.  Two  datum  lines 
are  moving.  Recording  is  made  on  a  22  pen  recorder,  reoording  on  Teledeltos 
paper.  The  following  items  are  reoordeds- 

(a)  The  10  least  significant  digits  of  the  bearings  of  the  two 
moving  datum  lines, 

(b)  On  the  21st  pen,  a  mark  reoording  the  reoeipt  of  the  1000  ops 
pulse  over  the  V.H.F.  indicating  operation  of  the  air  survey  camera, 
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(0)  On  the  22nd  pen,  a  mark  is  made  every  second,  controlled  by 

a  clock  pulsing  unit. 

It  ia  thus  possible  to  relate  any  part  of  any  record  with  the  data 
recorded  at  the  same  time  on  any  other  recording  instrument  and  to  obtain 
interpolated  measurements  with  a  reasonable  degree  of  accuracy. 

3.2  Experimental  method 

Tho  aircraft  will  fly  at  12,500  foot  for  moot  of  the  ojqjorimontal 
work.  At  thifl  height  tho  c  cure  ran  available  provide  a  negative  which  can 
bo  easily  promoted  with  existing  equipment  to  fit  a  standard  ordnance 
mop  ocalc. 

In  the  first  exporimont,  one  datum  lino  will  bo  tronoroittod  on  a 
convenient  boaring  say  S.W,  from  Famborough.  Tho  pilot  of  tho  aircraft 
will  bo  asked  to  fly  on  this  radial  course  as  accurately  as  possible 
assisted  by  lndioator  lights  operating  from  tho  onglo  measuring  circuits, 
Tran  tho  analysis  of  the  air  survey  plots  and  of  tho  dekatron  photographic 
records,  two  rocords  will  bo  available  of  tho  angular  displacement  and 
variation  of  tho  displacement  from  the  datum  line  bearing  from  tho  beacon* 
Wiio  will  bo  repeated  on  several  bearings, 

Tho  second  step  will  be  to  fly  the  aircraft  along  a  radial  course 
such  as  that  above,  now  moving  the  other  two  datum  linos  through  tho 
fixed  one  at  various  rates  and  with  them  moving  both  in  the  some  and  in 
opposite  directions.  This  v/ill  enable  a  check  to  bo  made  of  the  accuracy 
of  the  coarso  error  circuits,  tho  accuracy  of  error  determination  when 
changeover  is  made  from  fino  to  coarse  circuits,  and  the  possibility  of 
Interference)  between  different  channel  codes  when  they  are  transmitted 
in  rapid  succession.  In  all  these  trials  the  recordings  of  A,G,C.  levels 
in  both  roceivors  v/ill  indicate  the  rupidity  of  fading  and  tho  records  of 
the  angle  and  height  aodos  v/ill  enable  the  difficulties  of  decoding  thoso 
trains  to  bo  assessed. 

If  good  agreement  is  found  betweon  true  aircraft  p/ositlon  and  tho 
position  estimated  by  tho  guidance  equipment,  the  use  of  air  survey 
bocomos  no  longer  essential. 

In  tho  third  series  of  trials,  an  attempt  v/ill  be  mode  to  navigate 
1  ;  aircraft  on  a  moving  datun  line,  the  rate  of  movement  being  made 
compatible  with  aircraft  speed,  manoeuvring  ability  and  pilot  reaction 
time.  This  v/ill  conclude  the  series  of  measurements  carried  out  with 
tho  beacon  at  Farriborough, 

It  13  considered  important  that  some  trials  should  be  carried  out 
while  the  aircraft  i3  flying  over  sea.  To  do  this  it  is  proposed  to 
erect  the  beacon  at  a  suitable  coasted  site,  and  to  carry  out  trials:- 

(a)  To  toot  for  any  site  peculiarities, 

(b)  To  investigate  fading  ove’"  sea. 

This  will  clear  the  way  for  a  full  scale  demonstration  of  the 
system  involving  an  interception.  To  enable  this  to  bo  done  some 
additional  development  v/ill  be  necessary, 

(i)  Decoding  of  angle  needs  to  be  canplctod, 

(ii)  A  moveable  camera  mount  actuated  by  angle  information  v/ill 

have  to  be  fitted  in  the  uircraft, 
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(iii)  A  suitable  A.X.  or  homing  head,  may  be  fitted  to  the  aircraft, 

(iv)  Equipment  needs  to  be  made  available  to  enable  target  bearing 

to  be  extracted  from  a  long  range  radar  say  type  80,  for  one  target, 

and  fed  in  binary  digital  form  to  the  beacon. 

This  trial  would  demonstrate  the  accuracy  to  which  the  centre  of  3can 
of  the  homing  could  be  aligned  on  the  target, 

4.  Vulnerability  to  R.C.M, 

In  GW  Tech,  Note  347 >  it  was  concluded  that  to  Jam  the  mid-course 
guidance  system  effectively,  selective  (tuned)  jairming  was  necessary,  and 
that  wide  band  noise  radiated  by  the  target  was  ineffective.  The  possibility 
of  using  more  sophisticated  Jairming,  aimed  at  braking  through  the  code  system 
was  mentioned.  Such  Jamming  might  consist  of  the  radiation  of  pulses,  at 
regular  times,. 

It  had  been  assumed  that  in  an  operational  system  the  receiver  circuits 
would  be  designed  incorporating  precautions  against  jamming  in  the  intervals 
between  the  reception  of  beacon  signals,  by  suitable  gating  circuits. 

It  is,  however,  quite  evident  that  using  only  the  most  elementary 
precautions,  the  mid-course  guidance  is  likely  to  be  more  difficult  to  Jam 
than  the  ground  radar  or  the  homer, 

4.1  Jamming  of  S  band  transmission 

Jamming  of  the  S  band  transmission  might  be  attempted  from  the  target 
by  noise,  transponder,  pulse  trains  or  irregular  pulsed  transmissions, 

4.11  Noise 

It  has  been  shown  previously,  that  to  Jam  the  S  band  communication 
link  to  the  misfile  at  a  range  of  10  miles,  when  the  target  is  150  miles 
from  the  beacon,  requires  a  Jammer  power  output  of  about  76O  watts,  where 
the  transmitter  peak  power  is  10**-  watts,  the  ground  transmitter  aerial  gain 
is  75,  the  front  to  back  ratio  of  the  guidance  receiver  aerial  is  10  and  the 
Jammer  aerial  gain  i3  10,  (A  Jam  power/signal  power  ratio  of  0,2  is 
assumed  to  cause  jamming.) 

This  level  of  power  could  not  be  radiated  over  a  wide  range  of 
frequencies  and  would  probably  be  obtained  by  noise  modulating  a  selectively 
tuned  Jammer.  To  be  certain  of  jamming  the  correct  transmission,  a  panoramic 
reoeiver  system  would  be  required  with  a  look  through  device.  It  is  evident 
that  a  fairly  complicated  jamming  system  is  required  radiating  a  high  raean 
power  and  that  the  level  of  power  would  be  at  least  an  order  of  magnitude 
higher  than  that  required  to  jam  the  ground  radar. 

It  is  worth  noting  in  passing  that  the  values  of  the  guidance  system 
parameters  chosen  for  this  illustration  are  by  no  means  near  the  limit  of 
what  might  be  obtained.  In  particular  if  a  transmitter  valve  were  specifi¬ 
cally  designed  for  this  application  a  power  output  of  at  least  10  times  and 
possibly  100  times  the  value  assumed  might  be  expected, 

4.12  Ti-ans  ponder 

One  type  of  jammer  likely  to  be  met  in  the  next  decade  is  the  trans¬ 
ponder  or  repeater  jammer.  Suppose  such  a  jammer  situated  in  the  target, 
repeated  the  codes  received  by  it  in  the  general  direction  of  the  beacon, 
suitably  amplified  with  zero  delay. 
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The  total  length  of  the  coded  message  io  40  ntLorosooonda  and  since 
the  missile  will  to  situated  between  tho  beacon  and  the  targot,  if  the 
distance  botweon  the  missile  and  the  target  exceeds  4  miles,  tho  missile 
would  receive  the  whole  of  the  messago  from  the  boaoon  boforo  it  rooeivod 
the  relayed  signal  from  tho  Jammer,  On  rocoipt  of  tho  boocon  messago  tho 
missile  receiver  would  be  closed  down  until  approx,  1,9  seconds  later, 

Tho  Jturmor  signal  would  thus  bo  ignored. 

Missiles  attacking  other  targets  would  ignore  those  repeated 
transmissions  booauso  tho  address  aodes  would  bo  inoorroot,  Tho  only 
way  in  whioh  tho  transponder  typo  Jwrrncr  could  hope  to  intorfero  with  tho 
propor  operation  of  tho  guidonco  system  would  bo  by  delaying  onoh  ropoated 
transmission  by  nearly  two  sooonds  so  that  it  was  rooeivod  by  tho  missile 
just  boforo  the  next  boaoon  transmission  reached  it.  This  would  involve 
a  vory  complicated  type  of  Janrnor  and  suoh  J aiming  does  not  sown  to  bo 
very  foasiblo, 

4, 13  Pulse  trains 


It  is  clear  that  tho  tranrnniesion  by  tho  targot  of  a  regular  series 
of  8  band  pulses  of  1  i  1  mark  spaoo  ratio,  tho  pulses  being  1  or{  micro¬ 
seconds  long  would  cause  inoperation  of  tho  address  or  information 
docoding  circuits.  Ilov/over,  for  this  typo  of  Janming  to  bo  offoctivo  it 
is  evident  that  tho  power  to  bo  transmit tod  by  tho  Jammer  needs  to  bo 
oomporablo  with  tho  power  required  for  effective  J arming  by  noiso.  It  in 
also  necessary  in  this  oaso  for  tho  Jaimor  to  bo  tuned  exactly  to  tho 
beacon  frequoncy. 

Under  the  conditions  given  above  tho  peak  power  required  from  tho 
jnjonor  to  pro  duo  o  pulses  equal  in  amplitude  to  tho  beacon  transmission 
is  3.8  Kw,  with  a  moon  powor  of  1,9  Kw,  This  1s  only  sufficient  to 
intorfero  with  tho  coding  systems  at  a  range  of  10  miles  arid  normally 
a  missile  at  thin  range  would  bo  oxpeoted  to  be  operating  on  homing, 

A  more  economical  way  of  using  pulse  J arming  would  be  to  transmit 
pulses  at  longer  intervals, 

4, 14  Irregular  Pulses  or  lower  frequency  pulse  trains 

If  the  joimer  radiated  one  pulse,  one  microsecond  long  every 
;  microseconds  or  one  half  microsecond  pulse  every  13  microseconds,  it 
could  be  sure  that  one  of  those  pulses  would  occur  during  tho  reception 
period  of  similar  pulses  in  the  beacon  message  by  tho  missile.  It  would 
be  necessary  to  transmit  rather  more  frequently  than  this  to  ensure  that 
this  additional  pulse  v/as  not  received  in  coincidence  with  a  massage 
j/uleo  , 


The  peak  powers  required  would  be  tne  somo  as  that  given  in  the 
previous  section  with  a  reduction  in  the  mean  power  dependent  upon  tho 
mark  spaoo  ratio. 

Consider  first  the  effect  of  on  additional  pulse  received  by  the 
missile  during  the  reception  of  tho  address  code.  This  missile  still 
correctly  recognises  tho  address  code  and  ignores  the  additional  pulse. 
It  is  possible,  however,  that  two  other  sets  of  missiles  destined  for 
other  targets  could  decode  this  address  accidentally  if  within  range  of 
the  jammer  and  could  incorrectly  acquire  the  information  oode  relating 
to  this  message.  This  would  be  of  no  assistance  to  the  jammer  aircraft 
as  the  missiles  destined  for  it  would  still  be  receiving  tho  correct 
information.  There  arc  certain  unlikely  exceptions  to  this  state  of 
affairs,  such  as  if  the  three  pulses  of  the  address  code  arc  equally 

-  15  - 


SECRET 


SECRET 


Teohnioal  Note  No.  GW  396 


spaced  and  an  interfering  pulse  is  reoeived  an  interval  in  front  of  the  first 
marker  pulse,  equal  to  the  interval  between  address  code  pulses.  In  this 
case  the  address  would  be  decoded  early,  but  as  the  first  half  microseoond 
marked  pulse  would  not  appear  at  the  correct  time  the  information  in  the 
message  would  be  ignored.  This  oould  introduce  an  error  in  the  alignment 
of  the  centre  of  the  homing  eye  search  of .11. 7  mils  maximum.  Suoh  a  big 
error  is  unlikely  and  even  so  is  probably  unimportant  if  the  occurrence  i3 
rare. 

Another  exception  oocurs  when  there  are  several  targets.  If  the 
jammer  transmits  an  additional  pulse  which  is  inside  the  transmission  of 
another  address  code,  it  is  possible  that  a  code  could  be  produced  which 
would  be  identical  to  the  address  code  of  the  missiles  attacking  the  janrner. 
This  oould  result  in  the  missile  which  received  the  jammed  address  code 
deducing  its  displacement  from  the  datum  line  inoorrectly  and  decoding 
incorrect  height  and  angle  information. 

A  better  alternative  for  the  jammer  would  be  to  transmit  ^  microsecond 
pulses  more  frequently  than  once  every  13  mioroseconds  with  the  intention 
of  interfering  with  the  information  portion  of  the  message.  These  pulses 
would  not  affect  the  address.  The  same  rules  for  calculating  jamming  power 
apply  here  as  to  the  address  code. 

The  first  part  of  the  information  code  refers  to  the  change  in 
datum  line  bearing.  Thirty  one  levels  can  be  transmitted,  covering  quantum 
levels  fran  -15  through  0  to  +15.  Since  the  interfering  pulse  oould  not  be 
phase  locked  to  the  message  transmission  the  pulse  would  occur  at  random 
times.  If  it  was  received  by  the  missile  before  the  second  of  the  two 
correct  pulses  a  false  angle  value  would  be  received,  it  it  were  received 
after  or  not  at  all,  the  correct  message  would  be  decoded.  The  code  might 
be  30  arranged  that  a  false  angle  value  is  as  likely  to  be  positive  as 
negative.  This  would  help  to  reduce  the  seriousness  of  the  cumulative  error 
produced  by  this  form  of  jamming. 

A  series  of  J  microsecond  pulses  would  similarly  lead  to  the  incorrect 
decoding  of  height  information. 

More  complicated  codes  oan  be  devised  and  the  possibilities  will  be 
discussed  later, 

4.2  Jamming  of  the  X  band  transmission 

Jamming  of  the  X  band  transmission  is  likely  to  oause  errors  in 
navigation.  It  was  shown  ^  that  noise  jamming  at  a  higher  power  level  was 
required  to  jam  this  transmission  than  that  required  to  jam  the  S  band 
transmission.  Furthermore  unless  the  jamming  is  very  intense  the  error  in 
navigation  will  be  small  and  of  little  significance ,  Thi3  coupled  with  the 
fact  that  the  jammer  difficulties  are  increased  as  X  is  decreased,  for 
equal  power  radiated,  suggests  that  jamming  of  this  transmission  by  noise 
is  unlikely. 

The  possibility  still  exists  that  pulse  jamming  may  be  attempted. 

The  experimental  receiving  equipment  requires  the  X  band  train  to  oonsist 
of  at  least  2  pulses  separated  by  the  correct  interval  ±15  microseconds. 

This  is  to  exclude  the  possibility  of  the  equipment  being,  incorrectly 
triggered  by  a  stray  pulse  on  the  same  frequency,  say  by  a  radar  pulse. 

This  interference  rejection  circuit  in  an  operational  weapon  system  would 
be  extended  so  that  a  minimum  of  10  pulses  at  the  00 meet  spacing  would 
be  required  to  oause  operation. 
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Also,  in  tho  oxporimontal  system,  tho  receiver  will  bo  ready  to 
accept  a  now  signal  1,5  sooonds  after  tho  reception  of  tho  3  band  signal. 
In  an  operational  system  tho  rocoivor  would  not  bo  made  ready  to  aooopt 
fresh  pulses  at  a  fixed  timo  interval  after  tho  rooeption  of  tho  S  band 
signal,  but  at  a  variable  timo  depending  upon  range.  For  oxamplo,  whon 
tho  missile  was  being  gathered  to  tho  datum  lino  oni  was  dose  to  the 
boaoon  tho  S  and  X  band  signals  might  bo  rooeivod  fairly  widely  spaced 
and  the  rocoivor  might  nood  to  bo  opon  to  rocoivo  fresh  information 
1,5  sooonds  after  tho  last  signal.  As  tho  rango  Increased  tho  ntLosilo 
would  stabiliso  on  tho  datum  lino  and  the  rocoivor  would  not  nood  to 
open  to  rocoivo  frooh  information  until  at  leant  1,9  seconds  after  tho 
roooipt  of  tho  lust  information, 

A  pulso  Jammer  would  need  to  havo  the  following  characteristics, 
thorofore:- 


It  v/ould  need  to  transmit  at  loast  10  pulses  at  a  time  at  the 
correct  p.r.f,  at  least  once  overy  0,*  sooonds,  at  a  powur  lovol 
to  induce  a  signal  in  tho  missile  comparable  with  tho  boocon  Bignal. 
To  produoe  signals  of  oqual  amplitude  the  powor  required  Pj  would  do 
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Tho  moan  power  level  would  bo  250  watts. 


This  would  jam  tho  X  band  receiver  at  10  miles  rango  and  approxi¬ 
mately  4  times  this  powor  would  bo  required  to  jam  at  20  miloc  rango, 

3inco  this  equipment  needs  to  be  accurately  tuned  to  tho  beacon 
frequency  it  docs  not  appear  to  bo  a  very  probablo  form  of  cirbomo 
oountermoaauro , 

Apart  from  the  obvious  counter  countermeasure  gambits  one  of  the 
moot  offectivo  measures  would  be  to  reduce  the  open  period  of  the  receiver 
to  a  minimum  to  force  up  tho  rate  at  which  the  Jammer  had  to  radiate  the 
pulso  blocks  and  henco  to  raise  tho  mean  power  lovol, 

4,3  Reduotlon  of  R.C.M.  vulnorab lilt'/ 

The  methods  of  transmission  proposed  for  this  guidance  system  are 
extremely  wasteful  of  bandwidth  and  in  this  sense  cannot  be  considered 
to  be  optimised  properly,  Tho  selection  of  the  methods  chosen  has  been 
determined  on  the  grounds  of  practical  expediency  os,  in  general,  a  more 
refined  transmission  system  would  have  demanded  valve  development,  or 
more  complicated  circuit  development. 

Tho  roduotion  of  tho  countermeasure  vulnerability  must  bo  divided 
into  two  parts  and  tho  X  and  3  band  channels  considered  separately, 
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4.31  X  band  transmission 

The  X  band  transmission  proposed  involves  the  transmission  of  one 
pulse  for  every  practical  millieme  of  aerial  rotation.  Variations  in  aerial 
rotational  speed  over  short  periods  are  unimportant  when  the  receiver  is 
close  to  the  datum  line  as  the  receiver  determines  its  position  in  the  beam 
by  oounting  pulses.  A  C.W,  transmission  could  be  used  instead  of  a  pulse 
transmission*  but  in  this  case  the  receiver  would  have  to  determine  its 
position  by  timing  on  the  signal  envelope,  assuming  a  fixed  rate  of 
rotation  of  the  aerial. 

If  the  transmission  was  a  C.W.  one,  the  bandwidth  of  the  receiver 
required  would  have  been  a  few  kilocycles  per  second.  For  transmission  of 
equal  mean  powers,  a  reduction  in  the  vulnerability  to  noise  barrage  jamming 
would  be  obtained.  However,  since  receiver  A.F.C.  is  extremely  difficult  to 
obtain  in  an  intermittent  transmission  of  this  type,  the  advantage  of  such  a 
narrow  bandwidth  could  not  be  properly  exploited  without  a  great  deal  of 
receiver  conplexity,  To  enable  A.F.C,  to  be  dispensed  wi  th,  a  bandwidth  for 
the  receiver  of  about  10  Mcs/sec  is  necessary,  to  allow  for  drifts  in  the 
transmitter  and  reoeiver  frequencies.  In  the  transmission  proposed,  j  micro¬ 
second  pulses  will  be  transmitted  which  are  more  compatible  with  the  band¬ 
width  necessitated  by  the  frequency  drift  requirement. 

Recent  simulator  work  has  shewn,  however,  that  there  is  a  possibility 
of  producing  a  workable  system  with  a  data  rate  as  low  els  10  seoonds.  Thi3 
immediately  opens  up  the  possibility  of  dispensing  with  the  X  band  portion 
of  the  beacon  and  making  use  of  the  surveillance  radar  beam  instead.  There 
are  certain  difficulties  in  doing  this  and  it  is  proable  that  the  accuracy 
of  navigation  will  suffer  slightly.  One  advantage  of  this  possibility, 
fran  the  R.C.M,  viewpoint,  is  that  the  p.r.f.  could  be  made  more  stable 
and  the  p.r.f.  selection  could  be  made  more  effective. 

It  is  interesting  to  note  that  a  pulsed  rotating  beam  operating  at  a 
p.r.f.  of  3200  p.p.s.  would  probably  be  assessed  by  an  intercept  unit  as  a 
short  range  surveillance  radar,  whereas  a  rotating  C.W.  beam  is  likely  to 
arouse  more  interest. 

The  accuracy  of  navigation  is  not  much  affected  by  the  use  of  a  pulsed 
or  C.W.  transmission,  and  the  final  choice  between  the  two  possibilities  in 
an  operational  system  would  be  based  on  transmitter  valve  availability,  in 
that  the  power  output  and  frequency  stability  would  have  a  direct  bearing 
upon  the  counter-measure  resistance  of  the  system. 

4.32  S  band  transmission 

The  reduction  of  the  susceptibility  of  the  S  band  link  to  counter¬ 
measures  is  a  more  complicated  problem. 

The  code  could  be  improved  to  reduce  bandwidth,  to  alter  target 
saturation  possible  on  any  one  bearing  by  decreasing  the  time  required  for 
each  message,  or  to  increase  mean  power  in  each  message  period  possibly  at 
the  same  time  incorporating  some  measure  of  redundancy.  The  present 
saturation  density  of  100  targets  per  degree  may  be  higher  than  neoessaty 
and  it  might  be  possible  to  reduce  this  to  allow  longer  pulses  to  be  used 
and  the  bandwidth  to  be  decreased.  This  would  have  the  effect  of  increasing 
the  average  power  required  per  beacon  data  period.  However,  the  bandwidth 
of  the  reoeiver  is  again  determined  by  the  requirements  set  by  frequency 
drift. 


The  best  solution  would  appear  to  be  offered  by  the  use  of  a  oode 
containing  redudant  information  coupled  with  a  general  increase  in  mean 
power,  so  that  the  message  can  be  oorreotly  decoded  oven  if  part  of  it  is 

-  18  - 


SECRET • 


SECRET 


Technical  Koto  No,  ©V  396 


obscured  by  Interference,  Tho  code  can  be  further  complicated  by  suoh 
things  ae  frequency  diversity  of  transmission  which  would  forco  the  jammer 
to  oporato  on  ooverrJ  frequencies  at  once  in  correct  sequence. 

Since  the  micb-oourso  guidance  phase  of  the  missile  system  appears 
to  be  the  least  vulnerable  part,  the  complication  wliich  can  be  afforded 
to  provide  Jaiiming  protection  is  difficult  to  assess  but  probably  no 
groat  complexity  is  justified.  It  ap roars  likely  that  tho  largest  gain 
for  tho  sinallost  development  effort  would  bo  obtained  by  the  development 
of  a  valve  capable  of  transmitting  a  very  much  higher  level  of  moan  power 
over  short  periods.  This  would  have  the  further  advantage  that  it  would 
tend  to  simplify  the  missile  rather  than  complicate  it, 

Tho  present  co do  re quires  a  valve  which  is  halfway  between  a  radar 
type  pulse  generator  and  a  C.W.  generator.  In  general,  pulse  valves  will 
not  generate  tho  maun  power  required  as  the  duty  cycle  over  the  monsago 
is  too  high,  and  C,W,  valve  will  not  generate  the  peak  power  deriirabla. 

5  Variations  of  the  Syatom 

Two  other  single  boacon  mid-course  guidance  systems  have  been 
considered  and  'nave  boon  tlio  subjoot  of  work  by  I/ionsrs.  Forrmti, 

One  of  those  systems  may  be  docoribod  an  tho  pulsed  beam  system  in 
whioh  tho  rotating  fan  boom  is  pulnod  to  convey  information  instead  of 
using  a  separate  information  channel.  The  missile  extracts  information 
from  the  beam  modulation  which  allows  it  to  dcduco  tho  angle  between  tho 
aight  lino  from  the  beacon  to  tho  missile  and  a  reference  bearing,  tho 
anglo  mlssilc-bcacon— target,  and  target  height,  Thus  tho  inf s ,  i  oat  i  u  / 1 
which  tho  missile  has  is  tho  sons  as  that  provided  in  this  system  except 
that  its  bearing  from  the  boacon  to  a  reference  lino  is  specified  in 
each  transmission,  Y/ork  on  this  system  is  being  carried  out  at  tho 
Yi'ythormhawo  laboratories  of  Mccoru,  Ferranti^, 

Tho  London  Computer  Laboratories  of  Messrs,  Ferranti,  in  examining 
digital  data  handling  methods  applied  to  missile  guidance,  have  suggested 
a  variation  of  this  system  and  a  C.7/,  beam,  broadcast  pulse  system  which 
in  main  features  is  very  similar  to  the  R.A.E,  system. 

All  tho  Ferranti  ay  a  tame  are  b.asod  upon  providing  navigation'll 
infomation  to  the  missile,  to  a  quantum  level  of  about  20  mins  of  aro 
whereas  tho  R.A.E.  system  aims  at  providing  this  information  to  a 
quantum  level  of  3,5  mins  of  aro  or  1  mil.  This  docs  not  mean  that  the 
accuracy  of  tho  system  will  be  as  good  as  this,  but  only  tliat  it  could 
bo  if  tho  apparatus  wore  perfect  and  there  were  no  site  on  propagation 
problems.  It  is,  however,  regarded  as  important  that  tho  magnitude  of 
the  additional  errors  introduced  should  bo  determined  experimentally  and 
the  limit  of  accuracy  of  this  typo  of  system  established.  This  can  only 
be  done  in  a  system  whoro  the  quantum  level  i3  small  enough.  This  fact 
alone  is  suffioiont  justification  for  the  experimental  programo  projootoa 
by  R.A.E. 

The  chief  dlffcroncco  between  tho  R.A.E.  system  and  the  Ferranti, 
London,  C.Y I,  beam  system  are  that  tho  techniques  of  data  handling  aro 
different  and  that  tho  information  transmission  is  different.  It  is, 
however,  unlikely  that  this  section  of  Ferranti* n  will  proceed  further 
with  the  development  of  this  system.  There  i3  less  resemblance  between 
tho  R.A.E.  system  and  the  Ferranti  Wythe  rich  awe  system,  in  fact  the  only 
common  factor  is  tho  use  of  a  rotating  fan  bourn  raid  the  intention  that 
missiles  uhould  fly  eight  lino  courses.  Fran  the  trials  with  the  R.A.E. 
system  a  mass  of  data  should  bo  available  which  could  be  of  help  w 
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Messrs.  Ferranti  on  the  general  problems  of  beacon  design,  particularly  with 
regard  to  site  effects  affeoting  transmission,  fading  eto,,  nethoda  of  trials 
instrumentation  and  the  mechanical  and  engineering  problems  of  beacon 
transmitters. 

References  have  been  made  in  various  places  in  this  note  to  small 
variations  in  the  system.  The  most  significant  of  these  is  the  suggestion 
that  a  data  period  of  about  10  seconds  might  be  acceptable  which  would 
enable  the  X  band  fan  beam  of  the  beacon  to  be  replaced  by  the  fan  beam  of 
the  surveillance  radar.  This  possibility  introduces  several  difficulties 
in  transmisssion  but  the  saving  cf  one  transnitter  consistutes  an  appreciable 
reduction  in  ground  equipment  and  probably  justifies  sane  further  complication 
in  the  data  handling  equipment.  A  system  based  upon  the  use  of  the  radar 
beam  in  this  way  is  being  considered  and  will  be  the  subject  of  a  further 
note. 

6  Further  Development 

In  this  section  it  is  intended  to  list  the  items  requiring  further 
development  to  make  this  system  available  for  operational  use  in  missiles, 
but  which  will  not  be  carried  out  in  the  G.W.  Dept.  R.A.E. 

To  complete  the  intercept ion  trial  phase  of  the  experimental  programme 
(see  Section  3»l)  it  will  be  necessary ^  to  obtain  target  bearing  in  binary 
digital  form,  revised  every  V 10th  second.  The  target,  in  this  trial,  should 
be  flown  at  a  range  of  5^”100  miles  and  on  the  coastal  3ite  proposed  at 
Band  Hill,  near  Cromer,  there  is  in  existence  a  type  80  radar  which  could 
be  used  to  obtain  target  plots.  It  would  be  desirable  to  be  able  to  extract 
information  on  one  target  from  this  radar  and  to  pass  it  to  a  single  unit 
tracker  and  coder  which  could  pass  the  information  to  the  beacon  in  the 
oorreot  form  at  the  desired  rate, 

A  fitting  termination  to  the  trials  programme  would  be  the  demonstration 
of  the  complete  interception  course  using  a  homing  head  or  A.  1  equipment 
mounted  in  the  nose  of  the  aircraft  directed  by  the  information  transmitted 
by  the  mid-course  guidance  system.  The  engineering  of  the  head  or  A.  1.  to 
give  scan  and  acquisition  characteristics  representative  of  the  S.A.G.W. 
homing  head  requires  development  and  co-operation  from  outside  sources. 

The  design  of  the  operational  missile  system  requires  further 
consideration  to  be  given  to  the  information  transmission  system,  an 
assessment  of  the  jamming  resistance  economically  desirable  and  some 
further  valve  developments  to  raise  the  power  transmitted  on  both  channels 
to  a  maximum.  It  has  not  been  suggested  that  S  and  X  bands  are  necessarily 
the  correct  frequencies  for  the  operation  of  the  system.  It  is  probable 
that  the  optimum  frequency  lies  somewhere  between  these  two  bands  and  this 
frequency  has  yet  to  be  selected. 

The  largest  item  of  development  is  in  the  data  handling  circuits.  To 
minimise  the  size  of  the  ground  equipment  it  is  logical  to  combine  the  ground 
radar  tracking  system  and  the  beacon  data  handling  equipment  in  one  canputor 
which  incoporates  the  desirable  characteristics  of  the  data  sampling 
mechanism  as  determined  by  simulator  experiments.  It  is  also  necessary  to 
develop  and  incorporate  in  this  canputor  a  simple  missile  simulator  which 
will  enable  "rough"  missile  range  to  be  obtained  to  determine  the  time  at 
which  height  transmission  should  commence. 

So  far,  insufficient  consideration  has  been  given  to  the  problems  of 
missile  height  programming,  firing  site  layout  and  the  problems  of  gathering. 
These  items  need  to  be  resolved  in  some  detail  before  the  system  can  be 
considered  suitable  for  use  in  an  operational  systan, 
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Finally,  little  infomation  has  boon  made  nvailoblo  on  tho  effect 
of  flame  attenuation  from  tho  typo  of  engine  likely  to  bo  used  in  this 
missile.  From  tho  avidonco  available  it  appears  likely  that  the  cffcot 
of  flame  will  probably  not  bo  serious  but  thin  cannot  bo  chocked  until 
toots  can  bo  made  on  tho  actual  motors  likely  to  bo  usad. 

7  C  one  lus  ions 

Tho  completion  of  the  experimental  trials  of  this  oystom  of  mitUoourso 
guidance  will  show  whothor  tho  radio  field  required  can  bo  transmitted  with 
sufficient  accuracy  for  misnilo  guidanco,  whothor  fading  and  propagation 
problems  aro  likely  to  bo  oorioun,  and  whether  the  code  transmission 
system  used  Is  likoly  to  bo  satisfactory.  In  addition  a  considerable 
amount  of  practical  oxporionco  will  bo  aocuinulatod  on  the  problems  of 
boacon  oonstruotion  and  tho  assooiatod  olcctronio  oircuitn  required  on 
tho  ground  and  in  tho  missile, 

Ao  a  result,  the  design  of  an  operational  cystom  of  missile  mid- 
cource  guidance  will  ublc  to  go  forward  — :  m  e«md  basic,  but  concidor- 
able  further  dovulopmont  v/ill  bo  necossary  on  some  of  tho  more  detailed 
aspects  of  tho  system.  In  particular,  mcro  attention  must  be  given  to 
the  design  of  tho  data  handling  equipment  on  tlie  ground,  to  tho  gathering 
phaso  problems  and  to  tho  problems  relating  to  the  operation  of  tho 
receiving  equipment  in  a  miosila. 


Schedule  of  bevel aunont 

Item  Target  Dato 

Completion  of  base  mounting  for  aerials,  January  1956 

(Final  S  band,  interim  X  bund) . 

Modification  of  aircraft  and  mounting  of  equipment.  Start  May  1956 

Completion  June-  1956 


Completion  of  ground  equipment  and  erection  on  site, 
(Fit.  ;  S  band,  interim  X  band). 

Completion  of  base  mounting  final  X  band  assembly. 

Completion  and  erection  of  final  X  band  oquipriont. 
Com]) lotion  of  trials  on  in to rim  equipment. 

Completion  of  base  mountings  at  coastal  si to. 

Completion  of  trials  at  Ev/3hot  site. 

Transfer  of  trials  to  coastal  site. 

Completion  of  trials  at  coastal  site. 

End  of  investigation 


July  1956 

July  1956 

bocciiiber  1956 
January  1957 

January  1957 

June  1957 

July  1957 

December  1957 
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1 „  Forwarded  herewith  as  an  inolooure  to  thio  report  ie  P..A.B.  Technioal 
Note  wo,  (},'/!, 396  entitlod  "JInglu  Feacon  Mid-Course  juid&ncej  Lxjjoriraontal 
Programme  and  Further  Development"  d/ited  January  1956, 


2.  This  Tech.  Note  deecribee  the  present  statue  of  the  propoaod  method 
of  mid-course  guidance  for  long  range  ground-to-air  micsilo  that  wao  deecribed 
in  T.A.L.  Technical  Note  No.  G,W.  347  forwarded  by  IP.-203-55,  The  report 
propoooe  an  experimental  program  to  investigate  tho  ay  atom  by  the  uuo  of 
aircraft  flying  In  tho  guidance  boom  and  having  accurate  photographic  reforonce 
to  ground  position.  The  report  farther  indicates  development  work  necessary 
'to  render  the  ay  ft:;..!  .mi  table  for  use  in  un  operational  aiaailo. 


COMMITS  OF  TiL:  RTKf/VlNl  OFFICER : 


3:  The  development  work  of  this  guidance  syutem  is  being  done  by  Ferranti 
Limited  who  in  conjunction  with  the  Bristol  Airplane  Company  are  undertaking 
a  long  rango  development  program  for  the  nvinsilc  defense  eyutem  of  the  ’J.fl. 
known  so  Stage  2  and  planned  for  the  era  1963-65,  Tho  principles  of  thio 
syoto  nwere  sot  forth  in  Ferranti  Limited  Technical  Note  o ,  4018  entitled  "Twin 
Beacon  aro  Single  Boacon  Systomo  of  Mid-Couroe  luidanco"  dated  May  1955,  Thio 
report  should  be  available  at  AST1A. 

4,  ~hi;  number  of  oopies  of  the  lnclosUro  to  this  report  that  liave  beon 
aide  available  to  thio  office  haa  been  limited  due  to  the  contonto,  no  wao  the 
ease  of  Tech,  Note  No,  9.W.347.  Therefore,  the  normal  automatic  distribution 
to  ASTI  A,  DCS/P,  AKTC,  UAJX,  BATC ,  AFCP.C ,  al’IfX  arid  liAIC  cannot  be  accomplished. 
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